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DELAYED RELEASE FORMULATIONS*-^ 
The present invention relates to delayed release formulations, 
especially those in which the delayed release ^ sti c is due 

V to a coating. The term "coating" is used h e r e i n T to e n c ompa s 1 
coatings for sol id supports and also cap s u 1 e s e n c 1 o s 1 h g f t u i d s 
05 and/or solids and the term "coated" is used similarly. 

In many situations it is desirable to coat an active substance 
in such a way that the active substance is released from the 
coating only after a predetermined interval or only after a change 
in environment. For example, pesticides may be microencapsulated 
10 in 10 pm polyurea-polyamide coatings, which gradually degrade when 
applied to a surface, thereby gradually releasing the pesticide. 
In a medical context, it i s particularly advantageous to be able to 
administer orally a medicament which is coated so that it passes 
through the stomach and is released only when the coated material 
15 reaches the small intestine. Such coatings are called "enteric" 
coatings and are relatively easy to formulate taking advantage of 
the fact that the stomach contents are acid and the intestinal 
contents are alkaline. 

A harder task has been to provide a coated medicament which 
20 will survive both the stomach and the small intestine and will 
release the active ingredient only when the material reaches the 
large intestine or colon. 

Hany diseases of the colon, for example ulcerative colitis and 
Crohn's disease and potentially also cancer of the colon, could be 
25 better treated if site-specific delivery of the therapeutic agent 
could be effected. Therapeutic agents include corticosteroids, for 
example hydrocortisone and prednisolone, mesalazine, bisocodyl, 
phenolphthalein, rhein, sulphasalazine, cholestyramine and 
azathioprine. Few effective oral therapies are available, and 
30 . administration via the rectum is messy and relatively expensive. 
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If drugs for the treatment foWic^ 

an enteric coating, absorption of th^ dV^j/from the small intestine 
is very . rapid, and only small amounts of tiie drug reach the 
required site of action. If site-specif ic'release could be 
obtained, smaller doses would be r^quVedf w^ 0 a reduction in 
undesirable side effects. 

There are also situations other than the treatment of diseases 
of the colon where it is desirable to deliver a drug to the colon 
before it is released. Thus, in certain conditions such as 
arthritis the release of drugs in the ileum can cause problems ?nd 
it is desirable for laxatives and anti-diarrhoeal drugs to be 
selectively released in the colon. Other drugs may also benefit 

from such a form of release depending upon their absorption 
characteristics. 

15 A number of approaches have been suggested for site-specific 

release to the colon. Thus, glycoside derivatives of steroid drugs 
are reported to be poorly absorbed in the stomach and small 
intestine but to be released in the large intestine through 
microbial action (Friend, O.R. and Chang, G.W., J. Med. Chem., 
20 1984, 27. 261). Moreover, coating of peptide drugs with polymers 
cross-linked with azoaromatic groups is reported to protect the 
drugs from digestion in the stomach and small intestine but allow 
their release in the large intestine by the action of the 

indigenous microflora to *»ff«»c* -raitur+ini «t ♦k^ , i i. 

25 (Saffron. H. et aj... Science, 1986, 233, 1081). 

It has now been found that certain types of amylose coatings 
are particularly suitable for the purpose of site-specific release 
in the colon. For a long time it was thought that starch was 
almost entirely degraded by a-amylase, a digestive enzyme present 
1n the small intestine, but recently it has been reported in papers 
concerned with studies on foodstuffs that a proportion of starch is 
not degraded until it reaches the colon (Englyst and Cummings, 
Cereals in a European Context, edited by Morton, First European 
Conference on Food Science and Technology, Ellis Harwood, 
35 Chichester. England. 1987, page 221 and Ring et aj. Food Chemistry, 
1988, 28. 97). 
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upon Us purity ^ 

theoretical tg for pure, dry amylose may be predicted to be 210°C 
but the presence of water depresses thi s figure : w1 th 1 01 w/w of 
water the Tg is 80?C and'at;20X w/w of water 1t is 7«C^ It has 
been found that a-amylolytic enzymes do not: readily degrade glassy 
amylose and this effect is still apparent at up to 20°C above the 
Tg. Such materials have been found to be sufficiently insoluble in 
aqueous media over the pH range 1-9 at 37<»C not to be significantly 
degraded in the stomach or Intestine. They are, however, degraded 
by faecal micro-organisms 
present 1n the colon. 

Thus, in one aspect the present invention provides a delayed 
release formulation of an active compound and amylose. In 
15 particular, a delayed release composition according to the present 
invention comprises an active compound and glassy amylose, the 
glassy amylose delaying the release of the active component from 
the composition 1n an aqueous environment but allowing its release 
on exposure to an enzyme capable of cleaving the amylose. 

As indicated, the ability of glassy amylose to provide the 
required delayed release characteristics is not lost immediately 
the glassy amylose passes through the Tg and amylose which has been 
produced in the glassy condition at temperatures less than the Tg 
may therefore then be utilised at the To or a+ 
25 higher than the Tg as well as at temperatures less than the Tg, 

whilst still retaining its glassy properties. However, the glassy 
amylose used in the present invention preferably has a Tg of no 
less than 20°C below the temperature at which use of the composition 
1s envisaged. The ultimate test of the suitability of a particular 
sample of amylose under any given conditions is of course its 
ability to resist hydrolytic degradation under aqueous conditions, 
particularly at a pH of 1 - 9 and a temperature of 37°C, and 
conveniently also to resist enzymatic degradation in the presence 
of the digestive enzymes such as normally occur in the stomach and 
35 the small intestine, but to undergo enzymatic degradation in the 
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^are^prayified. Ily the 
microbial flora normally present in the large intestine ( see tests 
described in Example 1); 

The amylose may conveniently be prepared in a glassy form 
either by foming a gel from an aqueous solution and the'h-^rying^'it 
y or by spray drying: In'the^former process; the solution is ^ ' 
conveniently 1.5 - 4 OX w/w amylose, preferably 3 to 30%, more 
preferably 4 to 20% and most preferably 6 to 10%, and is 
conveniently cooled from 70 - 95°C, preferably 88 - 92°C, 
to 0 to 40°C, preferably 5 to 35°C, most preferably 10 to 30 C C, at 
a rate of lO"' to 10 s <>C/second, preferably 0.1 to 1.0 ^C/second; 
Generally speaking, the cooling should take place over a period of 
hours, preferably 2 hours or less, rather than days, in order to 
prevent too much crystallisation, although some degree of 
crystallisation is acceptable, for example 20% or particularly 10%, 
or less. The gel forms by a phase separation which produces a 
concentrated polymer-rich phase and a polymer-poor phase. The 
polymer-rich phase may have only, say, 10% w/w water and hence be 
glassy at room temperature, even though the whole gel may contain 
over 90% w/w water. The whole preparation may be dried, if 
necessary or desirable, at 0 - 160°C, preferably 20 - 100°C and 
more preferably about 60°C in air or an inert atmosphere, for 
example nitrogen, or in vacuo in order to give a glassy or more 
glassy product. 

The dry glassy amylose may be melted in the form of a slab or 
film or may first be powdered or granulated. Such melting is 
assisted if the Tg is depressed with a suitable diluent such as 
water. The melted amylose can then be used to coat preparations of 
active compound. 

Alternatively, an aqueous solution of amylose, preferably 
1 - 15%, suitably 2 - 10% and advantageously about 2 to 3% w/w, is 
sprayed directly onto a formulation containing an active compound 
and allowed to dry in air, in an inert atmosphere, for example 
nitrogen, or in vacuo to the glassy form. A further variation is 
for the aqueous solution to be sprayed as described onto a suitable 
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? ! ^?^.lvS^y m or 9 lass V particles -which are then' melted 
and used to coat tKe'active compound formulation as above. 

"Generally vspea|ki^/^he moisture content of the glassy amy lose 
, 05 ; 4^°H ld be^asf low as possible. Conveniently^ thereforet "It/does not 
?* ceed 20 * (w/w) and preferably 1s less than this , for example 
being no more than 10, 5 or IX (w/w). 

In both the gel-forming and spraying processes, it is possible 
to Include dispersions or solutions of suitable active compounds in 
the amylose solution itself, so that the resulting glassy form 
actually comprises the drug, It may be particularly advantageous 
to injection mould an amylose solution containing an active 
compound to form solid glassy pellets. 

The amylose may be prepared from any suitable source although 
1t is preferably prepared from starch, for example cereal starch or 
tuber starch but particularly starch from pulses, for example 
smooth-seeded pea starch, conveniently by precipitation from 
aqueous solution as a complex with an alcohol, for example 

1- butanol, methanol, ethanol, propan-l-ol, propan-2-ol, pentanol, 

2- methylbutan-2-ol or 2-methylbutan-l-ol as described by Ring et aj, 
Hacromolecules. 1985, 18. 182. The alcohol may conveniently then 
be removed from an aqueous dispersion of that complex by blowing 
through a suitable heated inert gas, for example nitrogen. 

It will be appreciated that the presence of other materials in 
admixture with the glassy amylose will detract from the selective 
nature of the degradation of this material as between the stomach 
and small intestine and the large intestine, it is preferred 
therefore that the glassy amylose is substantially free 
(I.e. contains no more than 20X by weight and preferably no more 
than 10% or 5X by weight) of any material which 1s susceptible to 
digestion 1n the stomach or small Intestine, In particular the 
glassy amylose* preferably contains no more than 10X or 5% by weight 
of amylopectin. for example 1 or 2% or less, and conveniently also 
of any material containing glucoside linkages of the type found in 
35 amylopectin. 
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As well as r 'pro" vfdiW^a delayed release the glassy ^ am^lose ^ ; ' 
compositions of the present invention may also be used to provide a 
contrplled release of : a^actiye compound both in the col oh and in 
various other environments^ Thus V variation in the physical nature 
T of the amylose, for example as just described, will affect the rate 
of metabolism of the amylose by micro-organisms. Moreover, 
different particles of the active compound may be coated with 
coatings of differing thicknesses so that phased or gradual release 
can be achieved in response to a constant exposure to 
micro-organisms .The actual thicknesses can be arrived at by 
routine and non-inventive experimentation; but by way of assistance 
it may be indicated that a thickness of at least about 10 ym 
(including any other coating which may be present) is usually 
needed in order to ensure adequate mechanical strength. Where 
appropriate, the coating may not consist entirely of amylose since 
providing the nature and location of the amylose allow release or 
exposure of the contents under the desired circumstances. For 
example, the amylose can provide a "window" in an inert coating, or 
can provide temporary strength to an otherwise weak inert coating. 
The coated compound of the invention may be further coated with a 
conventional gelatin or enteric coating, optionally with a further 
active compound sandwiched between the two coatings. Thus, one can 
provide for respective drug release in the stomach and/or small 
intestine as well as in the colon. The material which is coated 
may be a solid, or an aqueous or non-aqueous liquid provided only 
that it does not degrade the amylose, or at least does not degrade 
it at an undesirable rate. 

The glassy amylose need not necessarily be located as a coating 
in relation to the active compound in order to delay its release. 
Thus, as an alternative to its use in coating, the glassy amylose 
may be mixed with the active component, conveniently to produce c 
matrix throughout which the active component is dispersed. Such a 
composition may have a powder form or the powder may be compressed 
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v into : a taSle^^fl stead of the active compouhd/belng^coat^ tlie 
glassy amylose^p^ . ■ • .- :.;:j£...//h}J:...- 

In 9eneral ^however, the glassy amylose^nd -th^ 
; will not be^ ip iin^fprm admixture and in the prif err^J aspect :df the 
invention' the surface of the composition will^omprise}? in /part or 
preferably substantially entirely, a layer; of glassy "amyldse which 
is substantially free (i.e. contains 20% or less by weight and 
preferably 10* or 5% or less by weight) from the active compound. 



EXAMPLE 1 V Glassy AmvTose Preparation 
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The starch polysaccharide amylose, an essentially linear 
polymer composed of a-l,4-linked 0-glucose, was isolated from 
smooth-seeded pea starch and purified by precipitation from aqueous 
solution as a complex with n-butanol. The isolated amylose had a 
weight average molecu]ar weight of 500,000 g/mol. Concentrated 
aqueous solutions of amylose were regenerated from aqueous 
dispersions of the complex by removal of the n-butanol in a heated 
nitrogen stream. A 7% w/w aqueous solution of the amylose was cast 
as a gel slab 1.1 x 10.-3 m thick by rapidly quenching the amylose 
solution, held between glass plates, from 90°C to 20°C. The gel 
was removed from the glass plates and allowed to dry overnight at 
room temperature. The resulting film had a thickness of 6 x 10"* m. 

In vitro enzyme digestion 

An amylose film prepared as just described was found to be 
insoluble 1n aqueous media over the pH range 1 - 9 at 37«C. The 
amylose film was also incubated at 37°C 1n 0.05 H phosphate buffer 
(PH 6.9) containing 0.04% w/v NaCl with a crystalline pancreatic 
a-amylase (25 units/mg polysaccharide). After a three day 
incubation period less than 10% by weight of the film had been 
solubilised. 
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;f ^^i;/SM^^e\a^v:release >; cpmpos1t1bn' comprising i an active , compound and 
^•^•r^glass^amyjose^ the glassy amylose delaying; the release of the 
r. active component from the composition in an aqueous environment of 

pH 1 - 9 < ij| 37 0 C and allowing its release^ori exposure to an enzyme 
05 capable ofrc leaving the amylose. • v-^, 

2/ A delayed release composition compris;ing an active compound 
coated with glassy amylose. 

3. A delayed release composition comprising an active compound in 
admixture with glassy amylose and being a powder or having a 
10 monolithic form. 

4; A pharmaceutical composition comprising a physiologically 
active compound and glassy amylose, said active compound being 
selectively released into the colon following oral administration 
of the composition. 
15 5. A composition comprising a physiologically active compound and 
glassy amylose for use in therapy or diagnosis. 
6. A composition according to any of the preceding claims, in 
which the active compound is a medicament for treatment of a 
disease of the colon. 
20 7. A process for preparing a delayed release composition 

comprising an active compound with a glassy amylose coating which 
comprises either spraying amylose onto the active compound as an 
aqueous solution and then drying, or melting glassy amylose. 
applying it to the active compound and cooling. 
25 8. A process for preparing a delayed release composition 

comprising an active compound and glassy amylose which comprises 
compressing particles of glassy amylose and particles of the active 
compound together. 

9. A process for preparing a delayed release composition 

30 comprising an active compound and glassy amylose which comprises 
. producing a liquid mixture of the compound and amylose and then 
converting this to a solid composition containing glassy amylase. 

10. A process according to Claim 7, 8 or 9, in which the active 
component is a medicament. 
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; 4 , 13 . : The: use ;of a compound of use in the d i agnbs i s of - a d seas 6 ~ o f 
: v." the colon and, glassy amylose for the manu f ac ture of^a Vd i agnos t i c 
agent for use in the diagnosis of such a disease. 

14. A method for use in the treatment of a disease of the colon 
10. which comprises administering to a patient in need of such 

: treatment a therapeutically effective amount of a composition 

comprising a medicament for treatment of said disease and glassy 
. amylose, 

15. The use according to Claim 12 or 13 or a method according to 
15 Claim 14, in which the disease is ulcerative colitis, Crohn's 

disease or cancer. - 
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